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FOREWORD 


This  research  program  consists  of  an  integrated  and  inter¬ 
related  effort  of  basic  and  applied  research  in  chemical 
thermodynamics  and  thermochemistry.  Knowledge  of  variation 
of  physical  and  therriodynamic  properties  with  molecular 
structure  is  used  to  select  compounds  for  study  that  be¬ 
cause  of  high  ring  strain  or  unusual  steric  effects  may 
have  good  energy  characteristics  per  unit  volume  or  per 
unit  mass  and  thus  be  useful  in  the  synthesis  of  high 
energy  fuels.  These  materials  are  synthesized,  and  their 
thermodynamic  properties  are  evaluated.  In  cooperation 
with  researchers  at  Wright-Patterson  Air  Force  Base, 
ramjet  fuels  currently  in  use  are  subjected  to  careful 
thermodynamic  evaluation  by  measurements  of  heat  capacity, 
enthalpy  of  combustion  and  vapor  pressure. 


ABSTRACT 


The  research  effort  continues  to  be  focused  on  high-density/ 
high-energy  hydrocarbons.  In  cooperation  with  researchers 
at  Wright-Patterson  Air  Force  Base,  heats  of  combustion  are 
measured  for  constituents  of  current  ramjet  fuels  and  for 
finished  fuels;  meanwhile,  pure  hydrocarbons  were  synthe¬ 
sized  for  heat-of-combustion  measurements  to  determine  un¬ 
usual  steric  or  strain  energies  which  may  contribute  to 
design  of  high-energy /high-density  fuels  of  the  future. 

Seven  kerosene-type  fuels  produced  by  British  Petroleum  and 
seven  jet  fuels  produced  from  shale  oil  were  studied  during 
the  current  reporting  period.  Synthesis  and  purification  of 
hydrocarbons  were  continued  at  Oklahoma  State  University; 
two  ethylindans  have  been  received  and  are  being  prepared 
for  study. 
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RESEARCH  PROGRESS 


1.  ENTHALPY  OF  COMBUSTION  OF  FUELS 

A  set  of  seven  kerosene-type  fuels  produced  by  British 
Petroleum,  designated  BP***,  and  a  set  of  seven  jet  fuels 
produced  from  shale  oil,  designated  JP***,  were  studied 
by  bomb  calorimetry  at  the  request  of  researchers  at 
Wright-Patterson  Air  Force  Base.  The  procedures  used 
and  the  results  from  these  studies  are  given  below.  The 
letters  BP  were  added  to  the  prefix  for  the  so-designated 
samples  to  be  consistent  with  designations  received  by 
phone  from  Don  Potter  in  the  spring  of  1982  when  he  gave 
the  15°  C  densities  and  the  hydrogen  and  sulfur  analysis 
for  these  materials.  Otherwise  the  designations  were 
taken  from  the  labels  on  the  sample  bottles  from  Wright- 
Patterson  Air  Force  Base  dated  January  1982. 

Experimental  procedures  used  for  the  combustion  calorimetry 
of  hydrocarbons  by  this  laboratory  have  been  described ; 1 • 2 
although  the  fuels  used  in  these  experiments  are  not 
hydrocarbons,  essentially  the  same  procedures  were  used. 
Rotating-bomb  calorimeter  BMR  IIs  and  platinum-lined  bomb 
Pt-Sb1*  were  used,  without  bomb  rotation.  Fragile,  flexible 
borosilicafe  glass  ampoules2' 5  were  used  to  confine  the 
volatile  samples.  For  each  experiment,  1  cm3  Qf  water  was 
added  to  the  bomb.  In  one  experiment  on  each  sample,  the 
air  was  flusned  from  the  bomb  before  charging  with  pure 
oxygen?  in  all  the  other  experiments  the  bomb  was  charged 
with  oxygen  without  flushing.  After  one  of  the  combustion 
experiments  for  each  sample,  the  CO2  was  recovered  in 
weighing  tubes  to  provide  missing  information  and  independ¬ 
ent  checks  on  the  elemental  analyses.  After  the  bomb  was 
discharged,  the  liquid  content  was  quantitatively  trans¬ 
ferred  to  an  Erlenmeyer  flask,  and  it  was  then  titrated 
with  standard  sodium  hydroxide  solution  to  determine  the 
total  acid  formed  in  the  combustion  reaction  (either  sul¬ 
furic  acid,  nitric  acid,  or  a  mixture  of  these  two  acids) . 
The  relative  amounts  of  sulfuric  and  nitric  acids  were 
determined  by  subtracting  the  calculated  amount  of  sulfuric 
acid  from  the  measured  total  amount  of  acid;  the  amount 
of  sulfuric  acid  was  calculated  from  the  empirical  formula 
of  the  sample  and  the  sample  mass. 
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Results  of  all  of  the  experiments  are  given  in  Tables  1 
through  7.  Values  of  AEc/m  in  these  tables  refer  to  the 
reaction  of  unit  mass  of  sample  according  to  the  following 
equation: 

caHbse*liq)  +  I®  +  b/4  +  3e/2)  02(g)  +  (ne  +  e  -  b/2)  H20(liq) 

a  C02(g)  +  o(H2S04  *  nH20)(liq).  (1) 

A  more  useful  value  computed  from  the  combustion  experi¬ 
ments  may  be  the  value  of  the  energy  of  the  reaction  in 
which  water  appears  in  the  combustion  products  in  the 
gaseous  state,  and  sulfur,  if  present,  appears  as  gaseous 
sulfur  dioxide: 

caHbse*liq*  +  la  +  b/4  +  e]  02(g)  » 

a  C02(g)  +  b/2  H20(g)  +  e  S02(g).  (2) 

Values  of  the  enthalpies  of  formation  of  gaseous  S02, 
aqueous  H2S04,  gaseous  H2O  and  liquid  H20*  were  used  to 
convert  the  average  values  of  the  energy  of  reaction 
(Tables  1  through  7,  Equation  1)  to  the  energy  of  reaction 
(Table  8,  Equation  2) . 

The  empirical  formulas  shown  in  Table  8  were  derived  from 
the  analysis  for  sulfur  and  the  ASTM  wide-line  NMR  analysis 
for  hydrogen  from  Don  Potter  at  Wright-Patterson  Air  Force 
Base  and  from  our  analysis  for  carbon.  The  percentages  of 
elements  usually  summed  to  100  to  within  0.1  percent  for 
each  compound;  one  noted  exception  was  sample  JP-4-S-A 
(UN-81-141)  which  had  a  sum  of  0.45  percent  low.  In  Table  8 
the  densities  at  15°  C  were  supplied  by  Don  Potter,  and  the 
values  at  25°  C  were  determined  as  auxiliary  information  to 
the  bomb  calorimetry. 

A  simple  correlation  of  the  values  of  AEc/m  in  column  five 
of  Table  8  was  made  as  follows: 

AES/m  «  A  +  B (pet  H)  (3) 

A  *  -8400.24  i  61.83 

B  -  '•'  36.047  ±  4.437 

where  the  weight  percent  hydrogen  (pet  H)  can  be  determined 
from  the  empirical  formulas  of  Table  8.  The  deviations 
from  the  equation  are  shown  in  column  six  of  Table  8  where 
the  largest  value  i3  0.25  percent  too  positive. 
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The  synbola  and  abbreviations  of  this  table  are  tboaa  of  H.  H.  Hubbard  at  al,  Kmyrimtntal  Th*rmoahtmi»try 
Chap.  5,  pp.  75-128.  P.  D.  Rossini,  editor.  Inter science!  1958. 

€1<cont)(tl  -  298.15  K)  ♦  cf(contM298.15  K  -  t£  ♦  h*cotT*  ’ 

Items  81  to  85,  87  to  90,  95  and  94  of  the  c deputation  fore  of  Hubbard  et  al  (footnote  a). 


The  symbols  and  abbreviations  of  this  table  are  those  of  If.  I.  Hubbard  et  al,  experimental  Thermochemistry 
Chap.  5,  pp.  75-128.  r.  D.  Rossini,  editor.  Inter science i  1958. 

e1(cont)(ti  -  298.15  K)  ♦  e*(cont)  (298.15  K  -  tf  ♦  it^J. 

Items  81  to  85,  87  to  90,  92  and  94  of  the  computation  form  of  Bobbard  et  al  (footnote  a) . 
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The  symbols  and  abbreviations  of  this  table  are  those  of  H.  N.  Hubbard  et  il.  Experimental  Thermochemistry 
Chap.  5,  pp.  75-128.  F.  D.  Rossini,  editor.  Intersciencet  1956. 
el(cont)  (tj  -  298.15  K)  +  ef (cont) (298 . 15  K  -  tf  +  ^cor*)  • 

Items  81  to  85,  87  to  90,  93  and  94  of  the  computation  form  of  Hubbard  et  al  (footnote  a). 


The  symbols  and  abbreviations  of  this  table  are  those  of  W.  M.  Hubbard  et  al,  E*perim*ntcl  Th*rmoohtmi*try 
Chap.  5,  pp.  75-128.  F.  0.  Rossini,  editor,  ince: sciences  1958. 

c1tcont)(tl  -  298.15  K)  ♦  tf (cont) (299 .15  K  -  tf  ♦  **corr> ' 

Items  81  to  85,  87  to  90,  93  and  94  of  the  computation  fora  of  Hubbard  et  al  (footnote  a) . 


The  &yabola  and  abbreviations  of  this  table  are  those  of  W.  M.  Hubbard  et  al,  Bgpirlmintal  ThtrmoohtmiBtry 
Chap.  5,  pp.  75-128.  P.  D.  Rossini,  editor.  Intersciencei  1958. 

cl(contMt1  -  298.15  K)  ♦  cf  (cont)(298.15  K  -  tt  +  . 

I tens  81  to  85,  87  to  90,  93  and  94  of  the  coaputation  fora  of  Hubbard  et  al  (footnote  a). 


'he  symbols  and  abbreviations  of  this  table  are  those  of  H.  H.  Hubbard  et  al,  Expirimintal  Th*rmooh*mi*try 
Chap.  5,  pp.  75-128.  F.  0.  Rossini,  editor.  Interscienos i  1956. 

€i(cont)(t1  -  298.15  K)  +  ef(cont) (298.15  K  -  tf  + 

Items  81  to  85,  87  to  90,  93  and  94  of  the  confutation  fora  of  Hubbard  at  al  (footnote  a). 
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MODEL  COMPOUND  STUDIES 


No  model  compounds  were  studied  this  year;  however,  samples 
of  l-isopropyl-7-methylindan  and  l-ethyl-7 -methyl indan 
were  recently  received  from  the  laboratories  of  E.  J. 
Eisenbraun  at  Oklahoma  State  University  where  the  compounds 
were  synthesized  and  purified. 

1-Ethyl - 7 -me thy 1 indan  1- I sopropy 1 -7 -me thy lindan 

Preparations  are  being  made  to  study  these  compounds  to 
further  delineate  the  steric  interaction  energies  of  the 
1-7-substituted  indans  in  relation  to  other  results  for 
the  1-6-substituted  indans  and  the  1-8-substituted  naphtha¬ 
lenes.  7”1 0 


3.  PUBLICATION  AND  PRESENTATION 

Chemical  Thermodynamic  Properties  of  Molecules  Which  Undergo 
Inversion:  I.  Aniline,  Methylamine ,  Cyclopropyl amine ,  and 

Cyclopentene  by  J.  A.  Draeger,  r.  H.  Harrison  and  W.  D.  Good 
Accepted  for  publication  by  the  Journal  of  Chemical  Thermo¬ 
dynamics. 

Thermodynamics  of  Organic  Compounds  by  W.  D.  Good  and  N.  K. 
Smith  was  presented  at  the  AFOSR  meeting  on  Airbreathing 
Combustion  Dynamics  at  Clearwater,  Florida,  November  16-20, 
1981. 
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